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ABSTRACT 
 
The presence of nitrates and phosphorus in ground water is a worldwide problem. A 
septic tank with drainfield that is conventionally designed does not typically remove nitrogen in 
the form of nitrates. The main risks are in “Blue baby” syndrome and suspected carcinogenic 
effect of nitrates on humans and the nutrient enrichment of receiving waters.  In some areas 
nitrate and phosphorus removal are essentially required. Thus the information in this report 
concentrates on using media in the drainfield for the removal of nitrogen and phosphorus. 
Extensive work has been conducted in the past few decades in order to find suitable 
media for denitrification with high selectivity towards nitrogen. Column experiments were 
conducted at the University of Central Florida to simulate the actual septic tank drainfield using 
mixes of fine sand. In one of the columns Sawdust and Tire Crumb were added to the Sand 
(STS) and in the other column Paper and Tire Crumb were added to the Sand (STP). Tire crumb 
was added as a carbon source required for better denitrification and for sorption. The columns 
were dosed daily using regular septic tank effluent and it was a continuous batch system. 
Samples were taken after a hydraulic retention time (HRT) of 24 hours and comparisons were 
made of the effluent with the influent to show percentage removal of nitrogen (nitrates, ammonia 
and total nitrogen), phosphorus (ortho-phosphorus and total phosphorus) and BOD. STS and STP 
columns showed more than 90% removal for all parameters (nitrates, ammonia, total nitrogen, 
ortho-phosphorus, total phosphorus, BOD). The results indicate that the investigated media blend 
(Black and GoldTM Nugget Mix) has the potential for successful application in full scale 
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operations. It is recommended that Black and GoldTM Nugget Mix be used to achieve the 
required removal of the nutrients. 
 iv
TABLE OF CONTENTS 
 
LIST OF FIGURES ................................................................................................................... viii 
LIST OF TABLES ........................................................................................................................ x 
CHAPTER 1: INTRODUCTION AND BACKGROUND........................................................ 1 
Introduction............................................................................................................................... 1 
Problem..................................................................................................................................... 3 
Objectives ................................................................................................................................. 4 
Limitations ................................................................................................................................ 5 
CHAPTER 2: LITERATURE REVIEW.................................................................................... 6 
Why do we need a Septic Tank and Drainfield?....................................................................... 6 
Description of Septic Tank and Drainfield ............................................................................... 7 
Working of Septic Tank and Drainfield.................................................................................. 10 
History..................................................................................................................................... 11 
Past Research and Media Selection ........................................................................................ 12 
Paper and Sawdust ............................................................................................................ 12 
Tire Crumb........................................................................................................................ 18 
Fine Sand .......................................................................................................................... 20 
Nitrogen Cycle ........................................................................................................................ 20 
CHAPTER 3: DESIGNING OF SEPTIC TANK AND DRAINFIELD ................................ 25 
Design and Operational Considerations for Septic Tanks ...................................................... 25 
Septic Tank Design ................................................................................................................. 26 
Design and Operational Considerations for Drainfield .......................................................... 28 
Drainfield Design.................................................................................................................... 31 
CHAPTER 4: EXPERIMENTAL APPROACH AND PROCEDURE ................................. 34 
Experimental Approach for Batch Study................................................................................ 34 
Experimental Approach for Column Study ............................................................................ 34 
 v
Experimental Procedure for Batch Study ............................................................................... 35 
Initial Preparation.............................................................................................................. 35 
Procedure for the Batch Process of Nitrates for the Isotherm Study ................................ 36 
Procedure for the Batch Process of Ortho-phosphorus for the Isotherm Study................ 36 
Analytical Methods........................................................................................................... 36 
Experimental Procedure for Column Study............................................................................ 37 
Initial Preparation.............................................................................................................. 37 
Sampling Methods ............................................................................................................ 38 
Analytical Methods........................................................................................................... 39 
CHAPTER 5: RESULTS AND DISCUSSIONS ...................................................................... 41 
Results..................................................................................................................................... 41 
Results from Batch Study ................................................................................................. 41 
Results from Column Study.............................................................................................. 44 
Nitrates.............................................................................................................................. 44 
Organic - N ....................................................................................................................... 45 
Ammonia........................................................................................................................... 46 
Total Nitrogen................................................................................................................... 47 
Ortho-phosphorus ............................................................................................................. 48 
Total Phosphorus .............................................................................................................. 49 
Biological Oxygen Demand (BOD).................................................................................. 50 
Discussion of Results.............................................................................................................. 51 
Batch Study....................................................................................................................... 51 
Estimated life of Black and GoldTM Nuggets Mix for Adsorption of Phosphorus ........... 52 
Column Study ................................................................................................................... 53 
CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS........................................... 56 
Conclusions............................................................................................................................. 56 
Summary ................................................................................................................................. 57 
Recommendations................................................................................................................... 59 
Future Research ...................................................................................................................... 59 
 vi
APPENDIX A: ANALYTICAL METHODS FOR BATCH STUDY .................................... 61 
APPENDIX B: ANALYTICAL METHODS FOR COLUMN STUDY ................................ 64 
APPENDIX C: FLOW CALCULATION FOR COLUMN STUDY ..................................... 76 
APPENDIX D: SEPTIC TANK AND DRAINFIELD CALCULATIONS ........................... 78 
APPENDIX E: CHEMICAL AND PHYSICAL PROPERTIES OF DRAINFIELD SAND 
(FINE SAND) .............................................................................................................................. 85 
LIST OF REFERENCES........................................................................................................... 88 
 
 vii
LIST OF FIGURES 
 
Figure 1: Conventional Septic Tank System .................................................................................. 2 
Figure 2: Septic Tank System Distribution in the United States .................................................... 2 
Figure 3: Schematic of Septic Tank................................................................................................ 7 
Figure 4: Schematics of Drainfields (a) Plan View (b) Cross Section View.................................. 8 
Figure 5: Imhoff Tank - Two Compartment Tank.......................................................................... 9 
Figure 6: Nitrate Removal Efficiency with respect to Sulphur/Limestone Mix........................... 14 
Figure 7: Linear Relationship of Hardness Produced to Nitrate Removed .................................. 15 
Figure 8: Linear Relationship of Sulfate Produced to Nitrate Removed ...................................... 15 
Figure 9: Nitrate Removal Efficiency with respect to Alfalfa, Mulch and Newspaper................ 16 
Figure 10: Nitrate Removal Efficiency with respect to Sawdust, Wheat straw and Woodchips.. 16 
Figure 11: Nitrogen Cycle without Septic Tank........................................................................... 23 
Figure 12: Nitrogen Cycle with Septic Tank ................................................................................ 24 
Figure 13: Septic Tank Design ..................................................................................................... 27 
Figure 14: MPS – 11 ..................................................................................................................... 32 
Figure 15: Drainfield Design ........................................................................................................ 33 
Figure 16: Experimental Design of Columns ............................................................................... 38 
Figure 17: Freundlich Isotherm Plot for Ortho-phosphorus ......................................................... 42 
Figure 18: Langmuir Isotherm Plot for Ortho-phosphorus........................................................... 43 
Figure 19: Nitrates Concentration Plot ......................................................................................... 44 
Figure 20: Organic-N Concentration Plot..................................................................................... 45 
 viii
Figure 21: Ammonia Concentration Plot...................................................................................... 46 
Figure 22: Total Nitrogen Concentration Plot .............................................................................. 47 
Figure 23: Ortho-phosphorus Concentration Plot......................................................................... 48 
Figure 24: Total Phosphorus Concentration Plot.......................................................................... 49 
Figure 25: BOD Concentration Plot ............................................................................................. 50 
 
 ix
LIST OF TABLES 
Table 1: Rates of Nitrate Removal from a Number of Denitrification Walls............................... 18 
Table 2: Properties of Tire Crumb................................................................................................ 19 
Table 3: Relation between Number of Bedrooms, Average Sewage Flow and Septic Tank 
Capacity ........................................................................................................................................ 27 
Table 4: Dimensions of Septic Tanks ........................................................................................... 28 
Table 5: Residential Drainfield Area per Bedroom in House....................................................... 29 
Table 6: Drainfield Area Depending on the Type of Soil............................................................. 30 
Table 7: Composition of Columns in Terms of Weight and Volume........................................... 40 
Table 8: Nitrate Isotherm Results ................................................................................................. 41 
Table 9: Phosphate Isotherm Results............................................................................................ 41 
Table 10: Nitrates Data ................................................................................................................. 44 
Table 11: Organic–N Data ............................................................................................................ 45 
Table 12: Ammonia Data.............................................................................................................. 46 
Table 13: Total Nitrogen Data ...................................................................................................... 47 
Table 14: Ortho-phosphorus Data................................................................................................. 48 
Table 15: Total Phosphorus Data.................................................................................................. 49 
Table 16: BOD Data ..................................................................................................................... 50 
 x
CHAPTER 1: INTRODUCTION AND BACKGROUND 
 
Introduction 
 
The septic system may be referred to as an "on-site sewage treatment system", 
"individual sewage treatment system", or "onsite waste-water treatment system". In the modern 
era, typical onsite systems include primarily a septic tank and soil adsorption field or drainfield 
also known as subsurface wastewater infiltration systems (SWIS) as shown in Figure 1, but only 
about one-third of the land area in the United States has soils suited for conventional subsurface 
soil adsorption fields. A Septic tank is basically a "holding tank" where natural bacterial action 
decomposes human waste products into more environmentally acceptable components, the major 
end components being water, mixed with some other components that are not readily consumed 
by the bacterial action, gases, and undigested solids. The end products, except the undigested 
solids, are then discharged to a drainfield. Drainfields are located in permeable, unsaturated 
natural soil or imported fill material so wastewater can infiltrate and percolate through the 
underlying soil to the ground water. As the wastewater infiltrates and percolates through the soil, 
it is treated through a variety of physical, chemical, and biochemical processes and reactions. 
According to the US, Census Bureau (1999), approximately 23 percent of the estimated 
115 million homes in the United States are served by septic tank systems, a proportion that has 
changed since 1970. As shown in Figure 2, the distribution and density of homes with septic tank 
systems vary widely by state, with a high of about 55 percent in Vermont and a low of around 10 
percent in California. 
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Figure 1: Conventional Septic Tank System 
Source: NSFC, 2000 
 
 
Figure 2: Septic Tank System Distribution in the United States 
Source: U.S. Census Bureau, 1990 
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Problem 
 
Based on recent research it is now known that conventional septic tank and drainfield 
systems may discharge nitrogen into the ground waters. Using existing Florida research data, a 
family of four will discharge 25 pounds of nitrogen (measured in the form of nitrates) per year 
into the drainfield of a conventional onsite sewage treatment and disposal system (Florida 
Department of Health, 2004). 
Nitrates are the primary pollutants of concern in this research. However, phosphorus and 
BOD levels are also measured. Nitrates have been detected in some ground and surface water 
supplies in concentrations greater than public health drinking water limitations. In cases where 
the concentration of nitrate-nitrogen exceeds the Maximum Contaminant Level (MCL) of 10 
mg/L (USDHEW, 1962), as set forth by the U.S. Environmental Protection Agency, water 
suppliers are required to issue a nitrate alert to users. 
When many people use septic systems in a relatively small area and over a period of time 
a significant amount of nitrate can accumulate in the aquifer and drinking water wells may 
become contaminated. For the past few years, there has been a rise in nitrates in some wells in 
Florida. Several wells have higher nitrate concentration than the acceptable for drinking water or 
for algae growth. Currently the water from those wells cannot be served to customers without 
being treated. 
Groundwater has the greatest potential for pollution if onsite wastewater disposal systems 
occur in high density, or are placed in soils with high water tables and/or coarse textures. 
Establishments may further impact ground water quality by increasing the number of occupants 
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without increasing the size of the absorption field. Concentrations of contaminants, such as 
nitrogen, entering the absorption field are increased as a result. Since 55-85% of the nitrogen that 
enters the septic tank is available to ground water (Stoltz and Reneau, 1998) mainly in the form 
of nitrates, the concentration of nitrogen in the effluent becomes very important in determining 
how much nitrates reach the groundwater. This can lead to localized levels of nitrate exceeding 
the MCL of 10 mg/L. This increasing concentration of nitrates can cause health problems for 
infants, especially those six months of age and younger, pregnant and nursing women and also it 
interferes with blood's ability to transport oxygen. 
 
Objectives 
  
 The main objective is to study the removal of the BOD, nitrogen and phosphorus 
compounds by Black and GoldTM Nugget mix. This is done in a column study simulating the 
drainfield with anaerobic conditions and one day hydraulic retention time. 
 The other objectives include recommending a design for future drainfields and also to 
determine an estimated cost of the media used in the designed drainfield. 
 The results of the Research will help in deciding the fate of nitrogen and phosphorus 
compounds from drainfield that are enhanced with tire Black and GoldTM Nugget mix. Also it is 
anticipated that the results from the column study will help in specifying the quantity of Black 
and GoldTM Nugget mix in a full scale drainfield within the Wekiva Basin in Central Florida. 
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Limitations 
 
This research has some limitations which are as follows: 
• Daily flow variations and peak flow didn’t affect the columns as the columns were dosed 
once a day. 
• The temperature remained constant at about 21oC or 70oF. In case of real world septic 
tank drainfield the temperature is around 28oC or 82.4oF. Higher the temperature higher 
is the denitrification rate (Stanford, 1975). 
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CHAPTER 2: LITERATURE REVIEW 
 
Why do we need a Septic Tank and Drainfield? 
 
Each time you flush the toilet or you wash something down the sink's drain, you create 
sewage (also known in polite society as wastewater). One question that many people might ask 
is, "Why not simply dump this wastewater onto the ground outside the house, or into a nearby 
stream?" The three main concerns about wastewater that makes it something you don't want to 
release into the environment without any treatment are:  
1. Offensive odor 
2. Harmful bacteria and pathogens 
3. Suspended solids and harmful chemicals 
No one wants to live in a place that has offensive odors, is full of potentially harmful 
organisms and cannot support aquatic life. That's why communities build onsite wastewater 
treatment systems, to include septic tanks and drainfield and enforce laws against the release of 
raw sewage into the environment. 
The septic tank helps in removal of fat, grease, soap and oil in the form of scum formed 
at the top and heavy solids settle at the bottom to form sludge. The drainfield further enhances 
the removal of solids and some dissolved forms of organics and nutrients such as phosphorus and 
nitrogen, BOD, suspended solids, Coliform organisms etc. Thus the use of septic tank and 
drainfield is necessary so as to bring the wastewater under required contamination level before 
leaving it in groundwater. 
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Description of Septic Tank and Drainfield 
 
A Septic tank is a large, underground, watertight container of varying sizes, and a typical 
one is about 9 feet long, 4-5 feet wide and 5 feet tall. Septic tanks may be rectangular or 
cylindrical and may be made of concrete, fiberglass or polyethylene. A schematic of a Septic 
tank is shown in Figure 3. 
 
Figure 3: Schematic of Septic Tank 
Source: http://www.septicare.com/images/septic_tank1.jpg
A septic tank is part of a small scale sewage treatment system often referred to as a septic 
system, which consists of the tank itself and a septic tank drainfield. Wastewater enters the tank 
where solids can settle and scum floats. Anaerobic digestion occurs on the settled solids, 
reducing the volume of solids. The term "septic" comes from the anaerobic bacterial activity. 
Excess liquid drains from the relatively clear portion of the tank to the leach field (also referred 
to as a drainfield, or seepage field, depending upon locality) where the remaining impurities 
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naturally decompose and the water is eliminated through percolation into the soil, and eventually 
taken up through the root system of plants or added to the groundwater. A piping network, often 
constructed in a stone filled trench, distributes the wastewater throughout the field with multiple 
drainage holes in the network. The size of the drainfield is proportional to the volume of 
wastewater and inversely proportional to the porosity of the drainfield. Schematics of drainfield 
are shown in Figure 4. The entire septic system can operate by gravity alone, or where 
topographic considerations require, with inclusion of a lift pump. 
 
 
                       (a)                (b) 
Figure 4: Schematics of Drainfields (a) Plan View (b) Cross Section View 
Source: (a) USEPA, 2002 
   (b) http://www.fcs.uga.edu/pubs/gfx/ack2a.gif
 An Imhoff tank is a two stage septic system where the sedimentation is accomplished in 
one stage and sludge is digested in a separate tank as shown as Figure 5. This avoids mixing 
digested sludge with incoming sewage. In this solids pass through an opening in the bottom of 
the settling chamber into the unheated lower compartment for digestion. Scum accumulates in 
the sedimentation compartment. Gas produced in the digestion process in the lower compartment 
escapes through the vents. Because of the over-hanging lip in the bottom of the sedimentation 
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chamber, gases and gas-buoyed sludge particles rising from sludge layer in the bottom of the 
tank are not released to the sedimentation compartment (Metcalf and Eddy, 3rd Edition). 
 Sometimes septic tank designs have a second stage. The first stage is anaerobic and the 
effluent from the anaerobic stage is aerated in the second stage, before it drains into the 
drainfield. 
 
Figure 5: Imhoff Tank - Two Compartment Tank 
Source: http://www.cet.nau.edu/Projects/WDP/resources/treatmentsyst/Septic.htm#
Criteria
  
Approximately 25% of the U.S. population relies on septic tanks, mostly in rural 
communities and small towns (http://en.wikipedia.org/wiki/Septic_tank). Some pollutants, 
especially nitrates, are not decomposed by septic tanks and drainfields. In areas with high 
population density, groundwater nitrate levels may exceed acceptable limits. Some small towns 
are facing an increasing cost of building a centralized wastewater treatment system because of 
nutrient problems. In some areas, the cost per household is so great that the town's existence is 
threatened. To slow the pollution, building moratoriums and limits on the size of property are 
often imposed. Within the Wekiva basin, new lot sizes are limited on 55,000 acres (Florida 
Department of Health, 2004). Making sure that the existing septic tanks are functioning properly 
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is also helpful. However, once groundwater is polluted, it is very slow to improve the quality, so 
urgent action is appropriate. 
You may have heard the expression, "The grass is always greener over the septic tank." 
Actually, it's the drainfield, and the grass really is greener and it takes advantage of the moisture 
and nutrients in the drainfield. 
 
Working of Septic Tank and Drainfield 
 
Raw wastewater flows into the septic tank where the solids separate from the liquid. 
Light solids, such as soap suds and fat, float to the top and form a scum layer. This layer remains 
on top and gradually thickens until you have the tank cleaned. The liquid waste goes into the 
drainfield, while the heavier solids settle to the bottom of the tank where they are gradually 
decomposed by bacteria. But some non-decomposed solids remain, forming a sludge layer that 
eventually must be pumped out.  
Septic tanks may have one or two compartments. Two-compartment tanks are more 
efficient in settling solids and are required in some areas for new installations. Tees or baffles at 
the tank’s inlet pipe slow the incoming wastes and reduce disturbance of the settled sludge. A tee 
or baffle at the outlet keeps the solids or scum in the tank. All tanks should have accessible 
covers for checking the condition of the baffles and for pumping both compartments. 
Further treatment of wastewater occurs in drainfield and soil beneath the drainfield. The 
drainfield consists of long underground perforated pipes or tiles connected to the septic tank 
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(Figure 4). The network of pipes is usually laid in gravel-filled trenches (2–3 feet wide), or beds 
(over 3 feet wide) in the soil. Liquid waste or effluent flows out of the tank and is evenly 
distributed into the drainfield through the piping system. Chemical and biological processes take 
place in the drainfield enhances the removals of nutrients such as phosphorus and nitrogen, 
BOD, suspended solids, Coliform etc. The soil below the drainfield provides the final treatment 
and disposal of the septic tank effluent. After the effluent has passed into the soil, most of it 
percolates downward and outward, eventually entering the groundwater. A small percentage is 
taken up by plants through their roots, or evaporates from the soil. 
The required hydraulic retention time (HRT) for a septic tank is around 6 to 24 hours 
whereas the required hydraulic retention time (HRT) for drainfield is 24 to 36 hours (USEPA, 
2002). The higher the hydraulic retention time better will be the efficiency of both septic tank 
and drainfield. 
 
History 
 
King Minos installed the first known water closet with a water flushing device in the 
Knossos Palace in Crete in 1700 BC. In the intervening 3,700 years, societies and the 
governments that serve them have sought to improve the quality of wastewater to reduce threats 
to public health. The Greeks, Romans, British, and French achieved considerable progress in 
wastewater removal during the period from 800 BC to AD 1850, but removal often meant 
discharge to surface waters; severe contamination of lakes, rivers, streams, and coastal areas; and 
frequent outbreaks of diseases like cholera and typhoid fever. By the late 1800s, the 
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Massachusetts State Board of Health and other state health agencies had documented links 
between disease and poorly treated sewage and recommended treatment of wastewater through 
intermittent sand filtration and land application of the resulting sludge. The past century has 
witnessed an explosion in sewage treatment technology and widespread adoption of centralized 
wastewater collection and treatment services in the United States and throughout the world. 
Septic tanks for primary treatment of wastewater appeared in the late 1800s, and discharge of 
tank effluent into gravel-lined subsurface drains became common practice during the middle of 
the 20th century. Scientists, engineers, and manufacturers in the wastewater treatment industry 
have developed a wide range of alternative technologies designed to address increasing hydraulic 
loads and water contamination by nutrients and pathogens. These technologies can achieve 
significant pollutant removal rates. Alternative technologies typically are applied to the treatment 
train beyond the septic tank. All of the alternative treatment technologies in current use require 
more intensive management and monitoring than conventional Onsite Wastewater Treatment 
Systems (OWTS) because of mechanical components, additional residuals generated, and 
process sensitivities (e.g., to wastewater strength or hydraulic loading). 
 
Past Research and Media Selection 
 
Paper and Sawdust 
Providing an appropriate electron donor is a key environmental factor affecting 
denitrification.  The electron donor should be stable for a long period of time in the subsurface, 
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but still should not limit the denitrification process, which means that it should be a readily 
biodegradable. 
In the past, researchers tried several alternative electron donor and carbon source to 
facilitate efficient denitrification. The peat system utilized a layer of sphagnum peat moss below 
the weeping tile bed (Brooks et al., 1984). The “Ruuk” system (Laak, 1981) mixed gray water 
with treated black water to provide an external carbon source. The recirculating sand filter 
system (Piluk and Hao, 1989) returned a portion of the treated wastewater to the soil adsorption 
system. These methods achieved partial total nitrogen removal (40-90%), however there was a 
much lower removal of nitrates. 
With respect to solid organic carbon substrates, a variety of cellulose based waste 
materials have been studied and applied in the field to enhance denitrification for treating various 
types of nitrate-contaminated water, including tree bark, wood chips, and leaf compost (Blowes 
et al., 1994) as well as sawdust (Robertson and Cherry, 1995: Schipper and Vojvodi6-Vukovi6, 
1998, 2000). Furthermore, Soares and Abeliovich (1998) and Volokita et al. (1996a, 1996b) 
studied microbial denitrification of drinking water in laboratory columns packed with various 
types of cellulose-based materials (newspaper, cotton, and wheat straw). 
In a Nebraska study (Zhang and Shan, 1999), the feasibility of coupling a conventional 
drainfield with a sulfur/limestone layer was investigated to treat nitrate in septic tank effluent 
using laboratory column reactors to simulate the septic tank soil adsorption system. The 
denitrifiers can use inorganic carbon compounds (i.e., CO2, HCO3-) as their carbon source, 
nitrate as the electron acceptor, and elemental sulfur as the electron donor. The stoichiometric 
equation of sulfur-based denitrificans is as follows (Batchelor and Lawrence, 1978a, 1978b): 
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55 S + 20CO2 + 50 NO3- + 38 H2 O + 4 NH4+ Æ25 N2 + 4 C5 H7 NO2 + 55 SO42 - + 64 H+  
Since hydrogen ions are produced in this reaction, limestone needs to be introduced to provide 
alkalinity to maintain a neutral pH environment for the system though it does not support 
denitrification. The denitrification removal rate was good enough as shown in Figure 6. 
 
Figure 6: Nitrate Removal Efficiency with respect to Sulphur/Limestone Mix 
Source: Davis et al., 2003. 
However with the introduction of limestone the ratio of hardness produced to nitrogen 
removed ranged from 8.0 to 10.3, with an average of 9.50 and its linear relationship is as shown 
in Figure 7. 
Also the average ratio of sulfate produced to nitrogen removed ranged from 4.0 to 9.3, 
with an average of 6.98, which is very close to the theoretical value (7.5) and its linear 
relationship is as shown in Figure 8. This suggested that all sulfate produced was due to 
denitrification. 
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Figure 7: Linear Relationship of Hardness Produced to Nitrate Removed 
Source: Zhang and Shan, 1999 
 
Figure 8: Linear Relationship of Sulfate Produced to Nitrate Removed 
Source: Zhang and Shan, 1999 
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With respect to alfalfa and newspaper, 100% nitrate removal was observed, while that in 
the leaf mulch was approximately 60% as shown in Figure 9.  
 
Figure 9: Nitrate Removal Efficiency with respect to Alfalfa, Mulch and Newspaper 
Source: Davis et al., 2003. 
However, the alfalfa column had elevated effluent TKN and turbidity, making this 
material less attractive for practical use. Amongst saw dust, wheat straw, and wood chips, 95% 
and greater nitrate removal was observed as shown in Figure 10.  
 
Figure 10: Nitrate Removal Efficiency with respect to Sawdust, Wheat straw and Woodchips 
Source: Davis et al., 2003. 
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However, the wheat straw column had somewhat higher effluent TKN and turbidity than 
the other two. Effluent TKN was similar with the wood chips and sawdust, although turbidity 
was higher in the wood chips effluent. One possible explanation for the high effluent TKN from 
the alfalfa and wheat straw is that both have a lower carbon/nitrogen ratio than sawdust, wood 
chips, and newspaper (Rynk, 1992). Therefore, it is possible that some ammonification occurred 
in the alfalfa and wheat straw systems, resulting in increased TKN. 
Nitrate reduction demonstrated by using select media with bioretention proved newspaper 
as the best solid-phase electron-donor substrate for denitrification out of the set studied (alfalfa, 
leaf mulch compost, newspaper, sawdust, wheat straw, wood chips, and elemental sulfur) based 
on superior nitrate removal and effluent water quality (Davis et al., 2003).  
Sawdust as stated earlier showed almost 100% reduction of nitrates is also used to 
remove the nitrates from groundwater and is very efficient. It is used as a wall and is placed 
within the groundwater so that the water passes through it and gets treated within the wall (about 
1.5 meters in width) and discharges with a reduction in its nitrates concentration. The following 
Table 1 shows its efficiency in terms of nitrates removal. 
These were the major reasons behind choosing paper (newspaper) and sawdust as 
electron donors for the columns. Furthermore, low cost and ready availability are useful from the 
economic perspective Also they are environmental friendly while disposing which adds to its 
selection. 
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Table 1: Rates of Nitrate Removal from a Number of Denitrification Walls 
Carbon Source 
(vol %) 
Residence 
time (day) 
Average 
nitrate input 
(mg/L) 
Nitrate removal 
(mg/L/day) Reference 
Sawdust wall 
(30% sawdust) 1-10 5.9 0.014-0.43 
Schipper and 
Vojvodic-Vukovic 
(2001) 
Sawdust wall 
(20% sawdust) 1-10 30 0.16-0.29 Schipper et al. (2004) 
Sawdust wall 
(20% sawdust) 10-13 34 2.4 
Robertson et al. 
(2000) 
Sawdust layer 
(15% sawdust) 17-40 57 2.6 
Robertson et al. 
(2000)  
Sawdust layer 
(15% sawdust) 15-30 12 0.7 
Robertson et al. 
(2000)  
 
 
Tire Crumb 
Tire Crumb has not been used before in a septic tank drainfield, but it is believed to be a 
likely candidate because of its infiltration capacity and good sorption properties. Some general 
properties of the Tire Crumb are shown in Table 2. 
Composition of Tire Chips (size greater than ¾ inch) 
Carbon                       : 85%  
Ferric Material           : 10-15% 
Sulphur                      : 0.9 - 1.25 % 
 
Because of the very high carbon content it is considered a good carbon source for 
denitrification of nitrates. Past research has proved that tire crumb is capable of sorption of 
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nitrates and other chemicals, where it is used a layer beneath the turfgrass in a golf course and it 
has shown removal capacity of about 58% of nitrates 
 (http://findarticles.com/p/articles/mi_qa4031/is_200404/ai_n9367252). 
Table 2: Properties of Tire Crumb 
Vulcanized Rubber Compound (Wt %) 99% 
Talc, (Hydrous Magnesium Silicate) (Wt %) 
(14807-96-6) Restorable dust Less than 4 % 
Solubility in water Insoluble 
Specific gravity  1.04 – 1.16 
Density  
27 lbs/ft3   
729 lbs/yard3                      
Flash point  Temperature of dust cloud 3200C (608 F) 
Hazardous Polymerization  Will not occur 
Health Hazards 
(Acute and chronic)     
The product can contain fine fibers that may 
cause itching. Otherwise not known. This 
material is generally thought to be a nuisance 
dust. 
Carcinogenicity Tire Crumb is not listed as a carcinogen 
Waste disposal Method 
Product not defined as hazardous waste.  
Dispose of in accordance with federal, state  
and local regulations 
Source: Global Tire Recycling (GTR) 
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Fine Sand 
In predominantly agricultural regions of Florida, the frequency of drinking water wells 
contaminated by nitrate-nitrogen exceeds the national frequency found in the EPA survey (Riotte 
and Graham, 1994; Garret et al., 1997). Of 3,949 drinking wells analyzed for nitrate-nitrogen by 
the Florida Department of Agriculture and Consumer Services (FDACS) and the Florida 
Department of Environmental Protection (FDEP), 2,484 (63%) contained detectable nitrate-
nitrogen and 584 (15%) contained nitrate-nitrogen above the EPA MCL. Of the 584 wells 
statewide that exceeded the MCL, 519 were located in the Central Florida Ridge citrus growing 
region, encompassed primarily by Lake, Polk, and Highland Counties.  
 As a result of this survey, field studies at six sites were conducted.   These six sites used 
fine sand and sited as Astatula. At the end of the study period of 52 months, the average 
groundwater concentration over the top 6 m of the aquifer was in compliance with the EPA MCL 
at all sites (Lamb et al, 1999).  This was the reason for using Astatula sand for this research and 
also the sand is easily available in the Central Florida region. In Appendix E, there are chemical 
and physical properties of the fine sandy (Astatula) sand. 
Nitrogen Cycle 
 
Nitrogen (N) is an essential component of DNA, RNA, and proteins, the building blocks 
of life. All organisms require nitrogen to live and grow. Although the majority of the air we 
breathe is N2 (79%), most of the nitrogen in the atmosphere is unavailable for use by organisms. 
To become a part of an organism, nitrogen must first be fixed or combined with oxygen or 
hydrogen. Nitrogen is removed from the atmosphere by the following methods: 
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 1. Atmospheric fixation (lightning) 
Nitrogen is very unreactive due to strong triple bond. However at high temperatures it 
reacts with oxygen to a slight extent and this temperature is developed during lightning. During 
lightning, nitrogen molecules break and combine with oxygen to form nitrogen oxides that 
dissolve in rain forming nitrates. These nitrates are carried to earth by rain or in the form of dry 
fallout. Atmospheric nitrogen fixation probably contributes some 5– 8% of the total nitrogen 
fixed.  
2. Biological fixation (nitrogen fixing bacteria) 
The ability to fix nitrogen is found only in certain bacteria. Some live in a symbiotic 
relationship with plants of the legume family (e.g., soybeans, alfalfa). Some establish symbiotic 
relationships with plants other than legumes (e.g., alders). Some nitrogen-fixing bacteria live free 
in the soil. Nitrogen-fixing Cyanobacteria are essential to maintaining the fertility of semi-
aquatic environments like rice paddies. Biological nitrogen fixation requires a complex set of 
enzymes and a huge expenditure of ATP. Although the first stable product of the process is 
ammonia, this is quickly incorporated into protein and other organic nitrogen compounds. 
3. Industrial fixation (combination with hydrogen) 
Under great pressure and at high temperatures, and with the use of a catalyst, atmospheric 
nitrogen and hydrogen (usually derived from natural gas or petroleum) can be combined to form 
ammonia (NH3). Ammonia can be used directly as fertilizer, but most of it is further processed to 
urea and ammonium nitrate (NH4NO3). 
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 Ammoniaes are taken up by plants and are converted to proteins. As seen in Figure 11 the 
nitrogen then passes through the food chain from plants to herbivores to carnivores. When plants 
and animals eventually die, the nitrogen compounds are broken down giving ammonia 
(ammonification). Some of the ammonia is taken up by the plants; some is dissolved in water or 
held in the soil where bacteria convert it to nitrates (nitrification). In nitrification, ammonia can 
be taken up directly by plants — usually through their roots. However, most of the ammonia 
produced by decay is converted into nitrates. This is accomplished in two steps:  
• Bacteria of the genus Nitrosomonas oxidize NH3 to nitrites (NO2−).  
• Bacteria of the genus Nitrobacter oxidize the nitrites to nitrates (NO3−). 
 These two groups or autotrophic bacteria are called nitrifying bacteria. Through their 
activities (which supply them with all their energy needs), nitrogen is made available to the roots 
of plants. Many legumes, in addition to fixing atmospheric nitrogen, also perform nitrification -
converting some of their organic nitrogen to nitrites and nitrates. These reach the soil when they 
shed their leaves. Nitrates may be stored in humus or leached from the soil and carried to 
adjacent water bodies. Nitrates may also be converted to free nitrogen (denitrification) and 
returned to the atmosphere. Denitrification reduces nitrates to nitrogen gas, thus replenishing the 
atmosphere. Once again, bacteria are the agents. They live deep in soil and in aquatic sediments 
where conditions are anaerobic. They use nitrates as an alternative to oxygen for the final 
electron acceptor in their respiration. The Nitrogen cycle is hereby shown in Figure 11. 
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 Figure 11: Nitrogen Cycle without Septic Tank 
Reference: http://msucares.com/crops/soils/images/nitrogen.gif 
 The Figure 12 is a modified from Figure 11 that of the Nitrogen cycle without the Septic 
tank. In this a septic tank is added in the original Nitrogen cycle to show its actual position in the 
Nitrogen cycle where it is an Input to soil. 
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 Figure 12: Nitrogen Cycle with Septic Tank 
Source: Modified from Figure 9. 
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CHAPTER 3: DESIGNING OF SEPTIC TANK AND DRAINFIELD 
 
Design and Operational Considerations for Septic Tanks 
 
Following is a discussion of the major parameters that affect the design and operational 
conditions of septic tanks: 
• Configuration: The shape of the tank must be designed to maximize the hydraulic 
retention time of the wastewater.  Surface area is more critical for settleability than depth, 
so a shallow, wide tank is preferable to a deep, narrow tank if both have the same volume 
capacity. 
• Materials: Typically, septic tanks are made of concrete, polyethylene or fiberglass.  Steel 
and redwood have been used in the past but is no longer accepted by most regulatory 
agencies.   
• Structural integrity: The long-term performance of the septic tank will depend on its 
structural integrity.  For concrete septic tanks, structural integrity is dependent on the 
method of construction, the placement of the reinforcing steel, and the composition of the 
concrete mix. 
• Water-tightness: Watertight tanks are a necessity for the protection of the environment 
and for the operation of the system.  Each tank should be tested for water-tightness and 
structural integrity by filling the tank with water before and after installation. 
 25
• Size: Tank size and household water usage determine the hydraulic retention time of the 
tank. The recommended hydraulic retention time ranges from 6 to 24 hours (USEPA, 
2002) 
• Appurtenances: Influent baffles restrict and redirect the flow of the influent to help 
prevent short-circuiting.  Baffles control the flow of the settleable and floatable materials.  
Effluent baffles prevent floatables, scum, or suspended solids from flowing into the leach 
field.  Baffles can also be concrete or fiberglass partitions attached to the ceiling and/or 
floor of the tank. 
 
Septic Tank Design 
 
Based on the above considerations, a septic tank was designed of different sizes as per 
different houses. Total average sewage flow depends on the number of people and considering 2 
people per bedroom and assuming 50 gal/person/day, a relationship can be developed between 
average sewage flow and number of bedrooms as show in Table 3. And from the average sewage 
flow the capacity of the septic tank to be designed was determined as shown in Table 3. Based 
on this assumptions and data a septic tank was designed of different dimensions as shown in 
Figure 13 and Table 4. 
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Table 3: Relation between Number of Bedrooms, Average Sewage Flow and Septic Tank Capacity 
Number of 
Bedrooms 
Average sewage 
flow (gallons) 
Septic Tank Minimum 
Effective Capacity (gallons) 
1 Bedroom 100 900 
2 Bedroom 200 900 
3 Bedroom 300 1050 
4 Bedroom 400 1200 
5 Bedroom 500 1350 
6 Bedroom 600 1500 
Source: Department of Health, Florida 
 
 
 
Figure 13: Septic Tank Design 
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Table 4: Dimensions of Septic Tanks 
(inch) 1 – 2 Bedrooms (900 Gallons) 
3 Bedrooms 
(1050 Gallons) 
4 Bedrooms 
(1200 Gallons) 
5 Bedrooms 
(1350 Gallons) 
6 Bedrooms 
(1500 Gallons) 
A 90 105 120 135 150 
B 48 48 48 48 48 
C 65 77.5 90 102.5 115 
D 18 18 18 18 18 
E 22 22 22 22 22 
F 59 69 79 89 99 
G 29.5 34.5 39.5 44.5 49.5 
H 44 44 44 44 44 
I 42 42 42 42 42 
J 2 2 2 2 2 
K 9 9 9 9 9 
L 5 5 5 5 5 
M 51 51 51 51 51 
N 48 48 48 48 48 
O 0.5 0.5 0.5 0.5 0.5 
P 47 47 47 47 47 
Q 0.75 0.75 0.75 0.75 0.75 
 
Design and Operational Considerations for Drainfield 
 
Following is a discussion of the major parameters that affect the design and operational 
conditions of septic tank drainfield: 
• Drainfield Size: Once the percolation rate is known, the drainfield trench bottom area 
can be found from Table 5 for residential areas. Also the drainfield size can be selected 
from the type of soil as shown in Table 6. 
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Table 5: Residential Drainfield Area per Bedroom in House 
    Length of trench in feet 
Average percolation 
rate at tile depth 
(min/in)  
Trench 
bottom/bedroom (sq ft) 
18" 
wide  
24" 
wide  
36" 
wide 
5+  125 84 63 42 
10 165 110 83 55 
15 190 127 95 64 
20 215 144 108 72 
30 250 167 125 84 
45 300 200 150 100 
50 315 210 158 105 
60 340 227 170 113 
70 360 240 180 120 
80 380 254 190 127 
90*  400 267 200 134 
+ Fastest rate allowed, * Slowest rate allowed 
Source: http://www.fcs.uga.edu/pubs/current/C819-2.htm
• Location and Dimensions: Drainfield should be at least 100 feet from the closest well or 
spring, at least 10 feet from water supply lines, and not closer than 50 feet to a pond or 
stream (http://www.fcs.uga.edu/pubs/current/C819-2.html). Drainfield trenches should 
normally be level and not less than 25 inches or more than 36 inches in depth. In rare 
cases, trenches will be deeper and filled with several feet of gravel to obtain acceptable 
percolation. The tile drain must have at least 12 inches of soil over the tile. The aggregate 
should be a minimum of six inches deep under the drain tile.  
 
• Selecting a Site: 
1. Slope drainfields away from houses, buildings and the water supply.  
2. Keep drainfields unshaded and free from trees and shrubbery.  
3. Allow sufficient space to enlarge the drainfield if it should become necessary.  
4. Keep septic tanks or drainfields uncovered by driveways or concrete.  
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Table 6: Drainfield Area Depending on the Type of Soil 
Soil 
Class 
Soil Type: take a 
soil sample 3 to 4 
feet below grade in 
the drainfield area 
by digging a pit 
2 Bedroom 
House 
3 Bedroom 
House 
4 Bedroom 
House 
# 1 Coarse Sand 
200 sq ft gravel 
or 10 six ft 
vaults or 16 four 
ft vaults 
300 sq ft 
gravel or 14 
six ft vaults or 
22 four ft 
vaults 
400 sq ft gravel 
or 18 six ft 
vaults or 28 four 
ft vaults 
# 2 Medium Sand 
240 sq ft gravel 
or 12 six ft 
vaults or 20 four 
ft vaults 
360 sq ft 
gravel or 16 
six ft vaults or 
25 four ft 
vaults 
480 sq ft gravel 
or 21 six ft 
vaults or 33 four 
ft vaults 
# 3 
Fine Sand – Loamy 
Coarse Sand - 
Loamy Med Sand 
300 sq ft gravel 
or 10 six ft 
vaults or 16 four 
ft vaults 
450 sq ft 
gravel or 15 
six ft vaults or 
24 four ft 
vaults 
600 sq ft gravel 
or 20 six ft 
vaults or 32 four 
ft vaults 
# 4 
Very Fine Sand - 
Loamy Fine Sand - 
All Loams 
400 sq ft gravel 
or 14 six ft 
vaults or 22 four 
ft vaults 
600 sq ft 
gravel or 20 
six ft vaults or 
32 four ft 
vaults 
800 sq ft gravel 
or 26 six ft 
vaults or 42 four 
ft vaults 
# 5 All Silt Loams of Good Structure 
540 sq ft gravel 
or 18 six ft 
vaults or 28 four 
ft vaults 
800 sq ft 
gravel or 26 
six ft vaults or 
42 four ft 
vaults 
1070 sq ft gravel 
or 35 six ft 
vaults or 55 four 
ft vaults 
# 6 
Other Silt Loams - 
All Clay Loams - 
All Clays 
1200 sq ft 
gravel or 39 six 
ft vaults or 62 
four ft vaults 
1800 sq ft 
gravel or 60 
six ft vaults or 
94 four ft 
vaults 
2400 sq ft gravel 
or 78 six ft 
vaults or 122 
four ft vaults 
Source: http://www.eco-nomic.com/septic.htm
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• Planning the Drainfield: Drainfield consist of two or more trenches not more than 100 
feet in length. Each trench contains sections of open-jointed four-inch drain tile or 
perforated plastic drain pipe laid with the holes down. The pipe is level to disperse 
effluent evenly over the soil area. 
 
Drainfield Design 
 
Based on the above mentioned design and operational conditions a drainfield design was 
completed as shown in Figure 15. Septic tank effluent flows into the Multi-pipe system (MPS – 
11) which has a downward slope of 1%, so that water flows to the edge of the drainfield. The 
patented Multi-Pipe units as shown in Figure 14 function as a trickling filter, dispersing effluent 
into the voids in and around the specially-banded ADS pipe. This pipe is engineered with holes 
and slots, allowing it to collect and disperse the effluent as it passes over the corrugations in the 
pipe. Effluent leaves the D (Distribution) pipe and is distributed throughout the other V (Void) 
pipes. Once the effluent is distributed throughout the V pipe, it trickles down to the drainfield. 
Each V pipe allows for partial biological breakdown before reaching the drainfield. 
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 Figure 14: MPS – 11 
 
From the Multi-pipe units wastewater flows to a drainfield through Influent and 
cleaning pipe. The influent and cleaning pipe has a manhole cap on top so as to pump out the 
collected solids in the pipe after regular intervals. The outlet of this pipe into the drainfield is 
surrounded by 3/4th inch rocks or tire chips for proper percolation of the wastewater into the 
drainfield and also the force of the wastewater from the pipe prevents back filling the pipe. The 
wastewater is retained in the Black and GoldTM Treatment Zone for a hydraulic retention time 
of 24 hrs so as to provide the desired denitrification to get the wastewater under required MCL of 
10mg/L of NO3-N. The wastewater is retained in the treatment zone with the help of pre-
fabricated riser. After 24 hrs the wastewater flows out of the treatment zone and drains through 
a seepage zone and into the Redundancy pipes. At the end of the redundancy pipes, a Sampling 
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well is built to collect the samples for analysis so as to regular check the consistency in the 
nutrient removal of the system. 
 
Figure 15: Drainfield Design 
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CHAPTER 4: EXPERIMENTAL APPROACH AND PROCEDURE 
 
Experimental Approach for Batch Study 
 
For batch study the volume percentage and the mass percentage of the STS – 4.5 column 
used in the column studies (Table 7) were replicated to have a total mass of media as 100g for 
nitrates isotherm study and 200g for ortho-phosphorus isotherm study. The residence time for the 
batch studies used was also 24 hrs. The reason for replication of the mass and volume percentage 
replication was to study the exhaustion of the same media so as to determine the estimated life of 
it with respect to adsorption of nitrates and ortho-phosphorus. 
 
Experimental Approach for Column Study 
 
The required hydraulic retention time for a drainfield as stated earlier is 24 to 36 hrs (USEPA, 
2002). Assuming a 24 hr hydraulic retention time design was developed and if the required 
removal efficiency would not have been achieved then a higher hydraulic retention time was 
supposed to be used. The total volume of the designed drainfield was proportionate with the 
volume of the columns to get a flow rate for the columns to match the real world flow rate for the 
drainfield (Appendix C). As per the calculation a flow rate was determined for each column. 
Since the required removal efficiency was obtained throughout the experiment, increasing the 
hydraulic retention time was not required by reducing the flow rate for the columns. 
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Experimental Procedure for Batch Study 
 
An Isotherm process as a batch study was done for the Black and GoldTM Nugget mix so 
as to study the sorption of ortho-phosphorus and nitrates. Also it was helpful in determining the 
break point of sorption and the estimated life of the media for the sorption of nutrients. 
Initial Preparation 
The isotherms were performed using a batch process.  First the necessary mass of Black 
and GoldTM nuggets mix was determined (100g for nitrates and 200g for ortho-phosphorus).  The 
Black and GoldTM nuggets mix was dried at 105oC for about 24 hours before weighing.  Next the 
nitrate and phosphorus standards are made.   
The nitrate was made using 1.3707 grams of sodium nitrate dried at 105oC diluted to a 
liter using deionized water.  The deionized water was autoclaved to minimize the influence of 
biological activities.  The resulting solution concentration was 1000 mg/L NO3 – N.  This 
solution was used to make the influent which had a concentration of 9.56, 8.37, 7.17, 5.98, 4.78 
mg/L NO3 – N. 
The phosphate was made using 1.4330 grams of potassium hydrogen phosphate dried at 
105oC diluted to a liter using deionized water.  The deionized water was again autoclaved to 
minimize the influence of biological activities.  The resulting solution concentration was 1000 
mg/L PO4 – P.  This solution was diluted to make the influent concentration of 4.12 mg/L PO4 – 
P. 
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Procedure for the Batch Process of Nitrates for the Isotherm Study 
1. 100 gm of Black and GoldTM nugget mix was taken. It consisted of 10.85 gm of tire 
crumb, 4.0 gm of saw dust and 85.15 gm of sand. 
2. 5 Nitrates sample was prepared of known concentration. 
3. 50 mL of Nitrates sample was taken and mixed thoroughly with the Black and GoldTM 
nugget mix and kept for a residence time of 24 hrs. 
4. Nitrates sample was taken from the media and it was analyzed after 24 hrs. 
Procedure for the Batch Process of Ortho-phosphorus for the Isotherm Study 
1. 200 gm of Black and Gold nugget mix was taken. It consisted of 21.7 gm of tire crumb, 
8.0 gm of saw dust and 170.3 gm of sand. 
2. Phosphorus sample was prepared of known concentration (4.12 mg/L) in DI water. 
3. 100 mL of Phosphorus sample was taken and mixed thoroughly with the Black and 
GoldTM nugget mix and kept for a residence time of 24 hrs. 
4. Phosphorus sample was taken from the media and it was analyzed after 24 hrs. 
5. Steps 3 and 4 were repeated for 6 days using the same media and the obtained samples 
from the media were analyzed. 
Analytical Methods 
 Analytical methods for the batch study are shown in Appendix A. 
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Experimental Procedure for Column Study 
 
Initial Preparation 
The fate of nitrogen and phosphorus species in a septic tank drainfield was found using a 
simulated column study. Experimental setup consisted of 3 columns: 
• Control column consisting only of sand  
• Second column consisting Sand, Tire crumb and Paper (STP) and  
• Third column consisting Sand, Tire crumb and Sawdust (STS) 
The columns were setup in the Teaching lab at the University of Central Florida. 
Three Plexiglas packed-bed columns, 11.5 inch inner diameter and 5 ft tall were built to 
stimulate septic tank drainfield. The columns were drilled holes at 0.75 ft, 1.25 ft, 1.75 ft, 2.25 ft, 
3.25 ft and 4.75 ft from top keeping a free on board space of 3 inch at the top. The columns were 
drilled holes for sampling ports. The sampling ports were sealed with mm ball valves. The media 
was filled in columns keeping a distance of 3 inch from top and went 4.75 ft deep as shown in 
Figure 16.  The bottom most sampling port has 4.5 ft of media above it and hence the name C – 
4.5, STP – 4.5 and STS – 4.5 for the Control and the STS and STP columns respectively. 
Knowing the volume of the column and hence the media to be placed in it and also knowing real 
world volume of drainfield and the real world density of different components of the media in 
the drainfield, the mass of different components to be filled in the different mixes of columns 
was thus determined. The composition of all the columns in terms of weight and volume were 
thus determined as shown in Table 7. 
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The feed solution (raw wastewater) from a functioning septic tank in Central Florida was 
stored and was used in the study. Raw wastewater was pumped into the top of the columns at an 
average proportional rate as in the real world septic tank drainfield. It was a continuous batch 
system. To prevent air from penetrating into the column from top and through the end of 
discharge ports, the columns were covered with a lid from top and the discharge ports were air 
tight so that air cannot penetrate in keeping the columns anoxic in condition. 
 
Figure 16: Experimental Design of Columns 
Sampling Methods 
 Influent samples were taken from the raw wastewater. Effluent samples were directly 
collected from the bottom of the columns at the sampling ports. The sampling ports used were air 
tight ball valves. The ball valves were opened and effluent samples were taken out. The influent 
and effluent samples were collected in sterilized plastic bottles and were given for water quality 
analysis to ERD lab. 
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Analytical Methods 
 The analytical methods for water quality are shown in Appendix B. 
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Table 7: Composition of Columns in Terms of Weight and Volume 
Column 1 (Control) Column 2 (STP) Column 3 (STS) 
  Wt wt % vol vol% Wt wt % vol vol% Wt wt % vol vol% 
                        
0.00 0.00 0.000 0.00 21.84 10.73 0.811 25.00 21.84 10.85 0.811 25.00 Tire crumb 
                        
                        
0.00 0.00 0.000 0.00 8.15 4.00 0.201 6.19 0.00 0.00 0.000 0.00 Paper 
                        
                        
0.00 0.00 0.000 0.00 0.00 0.00 0.000 0.00 8.05 4.00 0.230 7.09 Sawdust 
                        
                        
252.31 100.00 3.244 100.00 173.62 85.27 2.232 68.81 171.34 85.15 2.203 67.91 Sand 
                        
Total 252.31 100.00 3.244 100.00 203.60 14.73 3.244 100.00 201.23 100.00 3.244 100.00 
Lbs/CF 77.78 62.76 62.03 
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CHAPTER 5: RESULTS AND DISCUSSIONS 
 
Results 
Results from Batch Study 
The results for the nitrate isotherm are presented in Table 8.  
Table 8: Nitrate Isotherm Results 
Sample Mass Loading [mg] 
Mass Removed 
[mg] 
1 0.48 0.11 
2 0.42 0.00 
3 0.36 0.08 
4 0.30 0.01 
5 0.24 0.00 
  
The results for the phosphate isotherm are presented in Table 9. It can be seen that there 
is higher phosphate removal for the initial days and it goes on gradually decreasing. Langmuir 
isotherm and Freundlich isotherms were plotted for ortho-phosphorus. 
Table 9: Phosphate Isotherm Results 
Sample Mass Loading [mg] 
Mass Removed 
[mg] 
1 0.41 0.35 
2 0.41 0.27 
3 0.41 0.23 
4 0.41 0.21 
5 0.41 0.17 
6 0.41 0.12 
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The Freundlich isotherm equation has the following form as presented by Sawyer et al. 
(2003) and Snoeyink & Summers (1999):  
qe = KCe
(1/n)  
where:  
qe = Sorbed concentration [mass adsorbate/mass adsorbent]  
K = Capacity adsorbent [mass adsorbate/mass adsorbent]  
Ce = Aqueous concentration of adsorbate [mass/volume]  
n = Measure of how affinity for the adsorbate changes with changes in adsorption density  
The linear form of this equation is as follows and is as shown in Figure 17:  
log qe = log K + (1/n)log Ce 
Freundlich isotherm plot
y = 0.9546x - 2.6062
R2 = 0.9757
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Figure 17: Freundlich Isotherm Plot for Ortho-phosphorus 
The Langmuir isotherm equation has the following form as presented by Sawyer et al. 
(2003) and Snoeyink & Summers (1999):  
Qe = Qmax(bCe) / (1 + bCe)  
where:  
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Qe = Sorbed concentration [mass adsorbate/mass adsorbent]  
Qmax = Maximum capacity of adsorbent for adsorbate [mass adsorbate/mass adsorbent]  
b
 
= Measure of affinity of adsorbate for adsorbent  
Ce = Aqueous concentration of adsorbate [mass/volume]  
This equation can be linearized as follows and its plot is as shown in Figure 18. 
(1/Qe) = (1/(Qmaxb)) x (1/Ce) + (1/Qmax)  
Langmuir isotherm plot
y = 364.5x + 29.049
R2 = 0.9801
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Figure 18: Langmuir Isotherm Plot for Ortho-phosphorus 
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Results from Column Study 
The Results from the Column study is as shown: 
 
Nitrates 
Table 10: Nitrates Data 
Nitrates 
Date Influent (mg/L) STS - 4.5 (mg/L) STP - 4.5 (mg/L) 
19-Oct 0.266 0.035 0.030 
26-Oct 0.311 0.055 0.056 
10-Nov 3.021 0.079 0.110 
17-Nov 3.490 0.021 0.077 
30-Nov 3.102 0.145 0.860 
2-Feb 0.157 0.011 0.078 
26-Feb 0.214 0.006 0.005 
7-Mar 1.949 0.020 0.028 
    
Average Conc. (mg/L) 1.564 0.047 0.156 
% Removal   97.03 90.06 
 
 
Figure 19: Nitrates Concentration Plot 
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Organic - N 
Table 11: Organic–N Data 
Organics 
Date Influent (mg/L) STS - 4.5 (mg/L) STP - 4.5 (mg/L) 
19-Oct 90.642 5.952 4.969 
26-Oct 6.941 2.675 6.728 
10-Nov 1132.737 4.533 6.451 
17-Nov 369.103 0.031 5.601 
30-Nov 576.294 0.847 4.642 
2-Feb 667.032 0.272 0.184 
26-Feb 52.511 1.325 4.876 
7-Mar 10.726 0.358 0.207 
    
Average Conc. (mg/L) 363.248 1.999 4.207 
% Removal   99.45 98.84 
 
 
Figure 20: Organic-N Concentration Plot 
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Ammonia 
Table 12: Ammonia Data 
Ammonia 
Date Influent (mg/L) STS - 4.5 (mg/L) STP - 4.5 (mg/L) 
19-Oct 4.89 0.28 0.13 
26-Oct 27.75 3.68 0.22 
10-Nov 1.51 0.71 0.03 
17-Nov 118.52 4.14 0.09 
30-Nov 111.79 4.38 0.79 
2-Feb 10.743 6.658 0.862 
26-Feb 72.938 10.78 10.99 
7-Mar       
    
Average Conc. (mg/L) 49.73 4.37 1.87 
% Removal   91.21 96.23 
 
Figure 21: Ammonia Concentration Plot 
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Total Nitrogen 
Table 13: Total Nitrogen Data 
Total Nitrogen 
Date Influent (mg/L) STS - 4.5 (mg/L) STP - 4.5 (mg/L) 
19-Oct 96.39 6.24 5.12 
26-Oct 35.60 6.36 6.96 
10-Nov 1135.06 5.26 6.50 
17-Nov 488.25 4.21 5.71 
30-Nov 688.82 5.22 5.44 
2-Feb 678 6.93 1.058 
26-Feb 126.16 12.106 15.917 
7-Mar 67.493 10.289 0.948 
    
Average Conc. (mg/L) 414.47 7.08 5.96 
% Removal   98.29 98.56 
 
 
Figure 22: Total Nitrogen Concentration Plot 
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Ortho-phosphorus 
Table 14: Ortho-phosphorus Data 
Ortho Phosphorus 
Date Influent (mg/L) STS - 4.5 (mg/L) STP - 4.5 (mg/L) 
19-Oct 0.862 0.006 0.020 
26-Oct 0.909 0.003 0.009 
10-Nov 0.812 0.022 0.015 
17-Nov 0.631 0.041 0.020 
30-Nov 0.731 0.001 0.005 
2-Feb 0.225 0.000 0.012 
26-Feb 0.711 0.001 0.051 
7-Mar 1.257 0.001 0.001 
    
Average Conc. (mg/L) 0.767 0.009 0.017 
% Removal   98.79 97.83 
 
Figure 23: Ortho-phosphorus Concentration Plot 
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Total Phosphorus 
Table 15: Total Phosphorus Data 
Total Phosphorus 
Date Influent (mg/L) STS - 4.5 (mg/L) STP - 4.5 (mg/L) 
19-Oct 6.79 0.15 0.21 
26-Oct 4.15 0.06 0.08 
10-Nov 704.54 0.23 0.19 
17-Nov 194.81 0.09 0.15 
30-Nov 550.45 0.18 0.21 
2-Feb 36.09 0.09 0.19 
26-Feb 3.19 0.08 0.07 
7-Mar 2.13 0.14 0.07 
    
Average Conc. (mg/L) 187.77 0.13 0.15 
% Removal   99.93 99.92 
 
 
 
Figure 24: Total Phosphorus Concentration Plot 
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Biological Oxygen Demand (BOD) 
Table 16: BOD Data 
BOD5
Date Influent (mg/L) STS - 4.5 (mg/L) STP - 4.5 (mg/L) 
10-Nov 2,180 240 751 
17-Nov 1,475 45 750 
30-Nov 7,200 405 833 
2-Feb 606 85 342 
26-Feb 173 36.9 2 
7-Mar 198 52 48 
    
Average Conc. (mg/L) 1972.00 143.98 454.33 
% Removal   92.70 76.96 
 
 
Figure 25: BOD Concentration Plot 
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Discussion of Results 
 
Batch Study 
 
It can be seen from Table 8 that there is very little removal of nitrates. It should be noted 
that the nitrates was not sorbed by tire crumb and biological activity could not initiate as the the 
batch studies were performed in 24 hrs. However, Lisi et al. (2004) achieved a significant 
reduction in the concentration of nitrates which were not achieved using the batch studies of this 
work.  The required anoxic conditions for the batch studies in this research were not simulated 
and may be the difference in results. 
It can be seen from Table 9 that the media mix showed significant removal in terms of 
ortho-phosphorus. The phosphorus removal results are in contradiction to Lisi et al. (2004) who 
concluded that tire crumb does not have potential for the removal of phosphate. Tire crumb 
showed significant reduction in ortho-phosphorus removal with a retention time of as small as 15 
minutes (Hardin, M., 2006). 
From the Langmuir and Freundlich plots it can be seen that Langmuir isotherm plot fitted 
better. The Langmuir model was fitted to the change in phosphorus concentration detected at 
each sampling period and the related surface loading of phosphorus on the Black and GoldTM 
Nuggets mix. 
Using the linear equation of the Langmuir graph as shown in Figure 18, the resulting 
parameter values are: 1/Qmax = 29.049 and 1/bQmax = 364.5. So the equilibrium constant, b, is 
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determined to be 79.7 x 10-3 with a maximum surface loading capacity, Qmax, of 34.38 x 10-3 mg 
phosphorus/mg media, assuming monolayer coverage of phosphorus adsorbed to the media 
surface as shown in Figure 18. 
Estimated life of Black and GoldTM Nuggets Mix for Adsorption of Phosphorus 
For the designed drainfield as shown in Figure 15, the volume Black and GoldTM 
Treatment Zone is 256.5 ft3 (Appendix D) and the density of the total media is 62.05 lbs/ft3 so 
the total media used is 15.92 x 103 lbs (sand of 13.55 x 103 lbs, tire crumb of 1.72 x 103 lbs, saw 
dust of 0.65 x 103 lbs). The maximum surface loading capacity Qmax of the media is 34.38 x 10-3 
mg phosphorus/mg media. So the total maximum mass of phosphorus adsorbed by the media is 
34.38 x 10-3 x 15.92 x 103 = 547.19 lbs of phosphorus. For most domestic waste using septic 
tanks, the average concentration of phosphorus coming into the drainfield is around 14 mg/L 
(http://pubs.usgs.gov/sir/2004/5299: USEPA, 2002) and with an average flow of 480 gallons per 
day coming to the drainfield the total phosphorus coming to the drainfield is about 20.42 lbs/yr. 
Thus, the number of years before media exhaustion is equal to 547.19/20.42 = 27 years.  Based 
on the phophorus effluent concentration from the septic tank of 14 mg/L, the media lifetime for 
high efficiency phosphorus removal is of about 27 years.   If the effluent phosphorus 
concentration were about 10 mg/L (http://jeq.scijournals.org/cgi/content/abstract/34/4/1243) and 
12mg/L (http://www.ecomax.com.au/tech.html) the lifetime of the media would be about 38 
years and 32 years respectively.  Thus, the average life of the media for phosphorus removal 
ranges from 27 to 38 years. 
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Column Study 
From the results it can be seen that there is significant removal of total phosphorus, ortho-
phosphorus, total nitrogen, ammonia, nitrates and BOD. During the experimental period the 
columns did not show any signs of saturation with nutrients although the columns were loaded 
with high concentrations of nutrients with average total phosphorus concentration of 188 mg/L 
which is approximately thirteen fold than the average concentration of 14 mg/L for total 
phosphorus (USEPA, 2002) and average total nitrogen concentration of 415 mg/L which is 
approximately eight fold than the average concentration of 50 mg/L for total nitrogen (USEPA, 
2002). 
 For the designed drainfield as shown in Figure 15, the volume of the Black and GoldTM 
Treatment Zone is 256.5 ft3 (Appendix D) and the density of the total media is 62.05 lbs/ft3 so 
the total media used is 15.92 x 103 lbs. The mass of total nitrogen adsorbed by the media during 
the experimental period of six months is 1.39 lbs and the mass of media in the columns was 
203.6 lbs. So the total mass of total nitrogen adsorbed per mass of media is 1.39/203.6 = 6.8 x 
10-3 lbs of total nitrogen/lb of media. Therefore, the total mass of nitrogen that would have been 
adsorbed by the media would have been (6.8 x 10-3) x (15.92 x 103) = 108.22 lbs of total 
nitrogen. The average concentration of total nitrogen coming into the drainfield is around 50 
mg/L (USEPA, 2002) and with the average of 480 gallons per day coming to the drainfield the 
total nitrogen coming to the drainfield is about 72.95 lbs/yr. So the number of equivalent long 
term performance time using average loadings = (108.22 / 72.95) = 1.5 years. 
For the designed drainfield as shown in Figure 15, the volume of the Black and GoldTM 
Treatment Zone is 256.5 ft3 (Appendix D) and the density of the total media is 62.05 lbs/ft3 so 
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the total media used is 15.92 x 103 lbs. The mass of total phosphorus adsorbed by the media 
during the experimental period of six months is 0.42 lbs and the mass of media in the columns 
was 203.6 lbs. So the total mass of total phosphorus adsorbed per mass of media is 0.42/203.6 = 
2.06 x 10-3 lbs of total phosphorus/lb of media. Therefore, the total mass of phosphorus that 
would have been adsorbed by the media would have been (2.06 x 10-3) x (15.92 x 103) = 33 lbs 
of total phosphorus. The average concentration of total phosphorus coming into the drainfield is 
around 14 mg/L (http://pubs.usgs.gov/sir/2004/5299: USEPA, 2002) and with the average of 480 
gallons per day coming to the drainfield the total phosphorus coming to the drainfield is about 
20.43 lbs/yr. So the number of equivalent long term performance time using average loadings = 
(33/20.43) = 1.62 years. 
In the suggested drainfield design, the Black and GoldTM Treatment Zone provides the 
required hydraulic retention time is 24 hrs (calculations and assumptions are shown in Appendix 
D). The Seepage Zone (1148 ft3) whose volume is almost equal to the treatment zone (256.5 ft3), 
provides additional nutrient removal and improves the removal of other water quality 
parameters. The cost of the media for the total drainfield (calculated in Appendix D) is equal to 
$1,980 and the cost per cubic yard is $37.17.  
In the previous study by Davis et al. (2003), paper and sawdust did show some excellent 
results in terms of nitrate removal and were accepted as one of the best electron donors. In this 
research, paper and sawdust did showed similar results and were just not limited to nitrates but 
also to total nitrogen, total phosphorus, ammonia, ortho-phosphorus and BOD. 
At the end of the experimental period, the newspaper in the columns was still visible and 
most of the newspaper in the media mix remained similar in appearance to the original material. 
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These observations are consistent with other studies that indicate that newspaper is somewhat 
resistant to bacterial degradation under anoxic conditions (Cummings and Stewart. 1994: 
Volokita et al, 1996: Davis et al, 2003). This resistance seems to be the chemical composition of 
newspaper, in particular the relatively high lignin content. 
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CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS 
 
 
Conclusions 
 
During the experimental period of six months the columns were loaded with as high as 
thirteen fold over the normal average total phosphorus concentration and eight fold over the 
normal average total nitrogen concentration. Throughout the experimental period, both the 
columns showed almost equal and consistent removal of more than 90% for all the water quality 
parameters (ortho-phosphorus, total phosphorus, nitrates, total nitrogen, ammonia, BOD).  
Tire crumb has carbon content of 85%. It has no metal content. Though tire crumb was 
never used as an individual media for the septic tank drainfield, the results indicate that it has a 
strong potential for creating an environmentally safe and value-added option for scrap tire reuse.  
The desired hydraulic retention time of 24 hrs is achieved in the Black and GoldTM 
Treatment Zone as seen in Figure 15. From the 24 hour detention time, a drainfield design to 
promote anaerobic conditions was suggested and labeled as a Black and GoldTM Treatment Zone.   
After the treatment zone, there is additional media (almost equal to Black and GoldTM Treatment 
Zone) in the Seepage Zone before draining into the ground.  Within this Seepage Zone, the 
remaining fine sand will provide additional nutrient removal and further improve water quality.  
Higher hydraulic retention time results in better performance of the media mix, but the 
cost of media mix may be the limiting factor. The required hydraulic retention time for a 
drainfield is between 24 hrs to 36 hrs; still 24 hrs retention time was considered because lower 
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the retention time results in a lower cost. The calculated cost of drainfield media for both the   
Seepage and Treatment Zone is $1,980 when using the Black and GoldTM Nugget Mix.  If the 
retention time increased to 36 hrs in the Treatment Zone, the total cost of the drainfield media 
would be $2,200. Also if just fine sand were used as a media for similar sized drainfield the cost 
would have been $1,680 but the drainfield would not have provided the treatment level provided 
with using the Black and GoldTM Nugget Mix. 
During the experimental period the columns did not show any signs of saturation and 
continue to give significant and consistent results. Within the six months of experimental period 
the columns were loaded with a total mass of phosphorus equivalent to 1.62 years in a normal 
regular septic tank drainfield with an average daily flow of 480 gpd and with a total mass of 
nitrogen equivalent to 1.5 years in a normal septic tank drainfield with the same average daily 
flow. 
 Overall, this research demonstrates the effectiveness of sawdust and paper as a drainfield 
media.  This is most likely because the sawdust and paper function as electron donors and tire 
crumb as a carbon source. Also the Black and GoldTM Nuggets Mix have significant potential of 
pollutant removal in a septic tank drainfield. 
 
Summary 
 
Due to increasing worldwide problem related to an increase in the concentration of 
nitrogen (mainly in the form of nitrates) and phosphorus in the groundwater, a septic tank 
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drainfield media mix (Black and GoldTM Nuggets mix) was examined in this work to determine 
the removal effectiveness. 
Past research was used to determine probable electron donor media that can be used in a 
drainfield.  It was decided that sawdust and paper may be the best electron donor amongst the 
ones reviewed.  Tire crumb was used as a carbon source in the mix. Tire crumb has never been 
used before in a septic tank drainfield but its sorption properties with respect to nitrates and other 
chemicals has been tested in other applications with success in the removal of nitrates.  
Batch study (bench scale study) was then performed to determine the expected life of the 
media mix in terms of sorption of ortho-phosphorus and nitrates. The required anoxic conditions 
were not developed in the batch study so nitrate removal was not seen. However, with respect to 
ortho-phosphorus the life of the media mix was determined to be between 27-40 years. 
Columns (pilot scale study) were built to further investigate which media mix showed 
better results. The media mixes that were tested were: 
• Sand, Tire crumb and Sawdust (STS column) 
• Sand, Tire crumb and Paper (STP column) 
A common name of the fine sand used was Astatula or Groove sand, and is commonly found in 
central Florida. The columns were continuously loaded on daily basis over a period of six 
months. At the end of experimental period, the media blend showed that it had a potential for 
significant removal of nutrient and can be successfully used in a full scale drainfield.  
 The cost of the media mix in a drainfield was estimated.  The cost depends on the 
availability of the mix; however it is believed that all the mix materials are readily available.  
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Recommendations 
 
Black and GoldTM Nugget Mix showed potentially high performance in a pilot study in 
terms of removal of BOD, total phosphorus, and nitrogen.  In a bench-scale study and in a free 
oxygen condition, ortho-phosphorus removal was shown. The investigated media mix (Black and 
GoldTM Nugget Mix) is likely to be useful in a septic tank drainfield in full scale operations. It is 
recommended that the media mix of this research should be used in full scale septic tank 
drainfield. 
A drainfield design that includes a treatment zone and a seepage zone is recommended.  
Additional design features are also included to facilitate redundancy or operation and sampling 
in an experimental situation.  
 
Future Research  
 
There is a need of further research in the use of Black and GoldTM Nugget Mix in a field 
study (full scale operation) and with normal septic tank effluent. The field study would be more 
appropriate to examine the long-term performance and determine the expected life of the media 
mix in terms of removal of nutrients. 
 In this research tire crumb which was used as a carbon source was 25% by volume of the 
mix and the electron donors (sawdust and paper) were 4% by weight. There is a need of further 
study so as to refine the design mix for optimal nutrient removal. This can be done by studying 
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the effect of the amount of electron donor and carbon source addition for making it more 
economical.  
There is also a need to further investigate the removal of metals from the recommended 
drainfield so that investigated media mix can be considered to have a significant potential for 
metal removal in a septic tank drainfield.  It should be noted however that the tire crumb used in 
this work had no metal content. 
Exhaustion time of the media was determined based on bench scale laboratory 
phosphorus removal isotherms.  Exhaustion time should now be determined based on full scale 
operation and nitrogen species.    
 The research showed significant removal of nutrients with a hydraulic retention time of 
24 hrs. Further study can be investigated so as to determine optimum hydraulic retention time to 
lessen the cost of the media mix. Higher retention time would increase the nutrient removal 
performance but the incremental removal may significantly more per pound removed. 
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APPENDIX A: ANALYTICAL METHODS FOR BATCH STUDY 
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Procedure for Determining the Nitrate Concentration is as follows: 
1. Select “HACH PROGRAM” “2515 N, Nitrate , LR, 0.5mg/L” 
2. Zero with DI water 
3. “Options”, then, “view conc.”  to “view abs.” 
4. “exit” 
5. 30 mL of sample in volumetric flask 
6. Add contents of Nitraver 6  packet 
7. Start timer 1 (3:00 min) and shake. 
8. Start timer 2 – wait two minutes 
9. Take out 25 mL and put in another container 
10. Add contents of Nitraver 3 packet 
11. (Start timer 3)  Shake for 30 seconds  
12. (Start timer 4) Wait 15 minutes 
13. Measure ABS on spec. 
14. Compare to std. curve plotted using known concentrations of Nitrate 
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Procedure for Determining the Ortho Phosphorous Concentration is as follows: 
1. Select “HACH PROGRAM” “3025 , Phosphorus , LR, 2.5mg/L” 
2. Zero with DI water 
3. “Options”, then, “view conc.”  to “view abs.” 
4. “exit” 
5. 10 mL of sample in cell 
6. Add contents of Phosver 3  packet 
7. Shake till all the powder dissolves 
8. Start timer and wait two minutes 
9. Measure ABS on spec. 
10. Compare to std. curve plotted using known concentrations of Phosphorus 
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APPENDIX B: ANALYTICAL METHODS FOR COLUMN STUDY 
 64
Test Method SOP for Biological Oxygen Demand (BOD) 
 
Test Method: Standard Methods 20th Ed., Section 5210 B 
Application Matrix: Surface, ground, saline and stormwater 
Detection Limit: 2.0 mg/L 
Procedure:  
BOD Initial Run (Day 1): 
1. Organize the test run and setup duplicate for every 10 samples and spike for every 20 
samples. A minimum of 1 dup and 1 spike must be analyzed per run. Begin each run with 
a Lab Blank and GGA (Glucose-Glutamic Acid) Check Standard. 
2. Using a 10ml pipette, add 6mls GGA standard into each of the GGA check standard and 
spike bottles. 
3. Allow samples to warm to 20.0oC ± 1oC before samples analysis begins. Shake sample 
bottle very well to acerate samples. Measure out appropriate volume into a graduated 
cylinder. Pour into the corresponding BOD bottle. Fill up all the bottles in the same 
manner. 
4. Turn on and calibrate the BOD probe according to manufacture’s instructions. 
5. Add enough dilution water to fill halfway up the neck of each bottle. 
6. Measure the pH of each bottle and record. If the pH is not between 65 and 7.5, add either 
5N NaOH or 5N H2SO4 dropwise until it is in that range. 
7. Measure the temperature of each bottle and record. Temperature must be 20.0oC ± 1oC. 
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8. Place the first BOD bottle on the stir plate. See the stir plate at the “6” setting. Slowly 
remove the probe and black holder from the bottle, rinse both parts, and slowly place the 
black holder into the bottle, then slowly place the probe itself into the bottle. DO NOT 
put both pieces simultaneously; otherwise the water will be displaced from the bottle. 
9. Wait until the meter displays a stable reading, and then record that value as “Initial 
D.O.”. Slowly remove the probe and black holder from the sample bottle, one piece at a 
time, rinse, and place in the next bottle, one piece at a time. 
10. Cover the BOD bottle with a glass stopper and a plastic cover. Put in the incubator where 
it will remain for 5 days. 
11. Repeat steps 8 – 10 for the remaining samples, remembering to rinse the probe and black 
holder in between samples. 
BOD Final Run (Day 5): 
1. Turn on and calibrate the BOD probe. Allow to warm up 15 minutes before use. 
2. Remove BOD bottles from the incubator. 
3. Remove the plastic cover and glass stopper from the bottle and read the “Final D.O.”. 
Data Analysis and Calculations 
BOD Concentration = (Final D.O. Conc. – Initial D.O. Conc.) x Dilution Factor 
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Test Method SOP for Ortho Phosphate 
 
Test Method Quick Chem® Method 10-115-01-1-B 
Detection Limit: 1.0 to 200 µg P/L 
pH Adjustment of Samples: 
1. If samples of high (pH>8) are suspected add 1 drop of phenolphthalein indicator to a 50 
ml aliquot of sample. If a red color develops, add 11 N sulfuric acid (310 ml concentrated 
H2SO4/L) drop-wise to just discharge the color. Acid Samples (pH<4) must be 
neutralized with 1 N NaOH/L (40g NaOH/L). 
Calibration Procedure: 
1. Prepare reagent and standards 
2. Pump DI water through all reagent lines and check for leaks and smooth flow. Switch to 
reagents and allow the system to equilibrate until a stable baseline is achieved. 
3. Place samples and/or standards in the autosampler. Input the information required by the 
data system, such as concentration, replicates and QC scheme. 
4. Calibrate the instrument by injecting the standards. The data system will then associate 
the concentrations with the instrument responses for each standard. 
Data Analysis and Calculations: 
1. Calibration is done by injecting standards. The data system will then prepare a calibration 
curve by plotting response versus standard concentration. Sample concentration is 
calculated from regression equation. 
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2. Report only those values that fall between the lowest and the highest calibration 
standards. Samples exceeding the highest standard should be diluted and reanalyzed. 
3. Report results in µg P/L. 
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Test Method SOP for Nitrate/Nitrite 
 
Test Method: Quick Chem® Method 10-107-04-1-B 
Detection Limit: 0.002 to 0.1 mg N/L as NO3- or NO2-
Procedure: 
1. Prepare reagents and standards. 
2. Pump DI water through all reagent lines and check for leaks and smooth flow. Switch to 
reagents and allow the system to equilibrate until a stable baseline is achieved. 
3. Place samples in the autosampler. Input the sample identification required by the data 
system, such as concentration, replicates and QC scheme. 
4. If the pH of the sample is below 5 or above 9, adjust to between 5 and 9 with either conc. 
HCl or conc. NH4OH. 
Data Analysis and Calculations: 
1. Calibration is done by injecting standards. The data system will then prepare a calibration 
curve by plotting peak area versus standard concentration. Sample concentration is 
calculated from the regression equation. 
2. Report only those values that fall between the lowest and the highest calibration 
standards. Samples exceeding highest standard should be diluted and reanalyzed. 
3. Report sample results for nitrate/nitrite in mg N/L as NO3- or NO2-. Report results below 
the MDL as less than the detection limit. 
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Test Method SOP for Ammonia 
 
Test Method: Quick Chem® Method 10-107-06-1-B 
Detection Limit: 0.01 to 5.00 mg NH3/L 
Procedure: 
1. Prepare reagent and standards. 
2. Pump DI water through all reagent lines and check for leaks and smooth flow. Switch to 
reagents and allow the system to equilibrate until a stable baseline is achieved. 
3. Place samples and/or standards in the autosampler. Input the information required by the 
data system, such as concentration, replicates and QC scheme. 
4. Calibrate the instrument by injecting the standards. The data system will then associate 
the concentrations with the instrument responses for each standard. 
Data analysis and Calculations: 
1. Calibration is done by injecting standards. The data system will then prepare a calibration 
curve by plotting response versus standard concentration. Sample concentration is 
calculated from the regression equation. 
2. Report only those values that fall between the lowest and the highest calibration 
standards. Samples exceeding the highest standard should be diluted and reanalyzed. 
3. Report results in mg N/L. 
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Test Method SOP for Total Nitrogen 
 
Test Method: Quick Chem® Method 31-107-04-1-B 
Detection Limit: 10 to 100 mg NO3-/L 
Digestion Procedure: 
1. Digestion vessels may be glass or polypropylene. Digestion vessels should be cleaned 
with 1.0 M HCl until the odor of chlorine is absent. This is then followed by several DI 
water rinses. Vessels are then dried and capped for future use. 
2. Several blanks (DI water) should be digested with each batch. The concentration from 
these blanks is subtracted from the sample results. 
3. To each digestion vessel containing 20 mL of sample, add 10 mL of digestion solution. 
Screw the cap on tightly. 
4. Digest samples in the autoclave for 30 minutes at 15 psi (121oC). The digestion time 
begins when the autoclave pressure has reached 15 psi. 
5. View the pressure from the autoclave. Remove the samples and loosed the caps. Allow 
15 minutes for cooling. 
6. Screw the caps on tightly. Digested samples may be stored for up to one month. 
Calibration Procedure: 
1. Prepare reagent and standards. 
2. Pump DI water through all reagent lines and check for leaks and smooth flow. Switch to 
reagents and allow the system to equilibrate until a stable baseline is achieved. 
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3. Place samples and/or standards in the autosampler. Input the information required by the 
data system, such as concentration, replicates and QC scheme. 
4. Calibrate the instrument by injecting the standards. The data system will then associate 
the concentrations with the instrument responses for each standard. 
Data Analysis and Calculations: 
1. Calibration is done by injecting standards. The data system will then prepare a calibration 
curve by plotting response versus standard concentration. Sample concentration is 
calculated from regression equation. 
2. Report only those values that fall between the lowest and the highest calibration 
standards. Samples exceeding the highest standard should be diluted and reanalyzed. 
3. Report results in µg P/L.  
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Test Method SOP for Total Phosphorus 
 
Test Method: Quick Chem® Method 10-115-01-1-F 
Detection Limit: 3 to 200 µg P/L 
Digestion Procedure: 
The samples and standards must go through same digestion procedure and also the preservation 
manner should be similar. 
1. Presulfate Digestion: 
• Add 1.0 mL of 5.6 M H2SO4 (310 mL conc. H2SO4/L) to 50.00 mL sample in a 
125 mL Erlenmeyer flask. 
• Add 0.40 g ammonium persulfate [ammonium peroxydisulfate, (NH4)2S2O8] and 
boil gently until volume is about 10 ml. Alternatively, autoclave for 30 minutes at 
15-20 psi (121oC). 
• For samples containing arsenic or high levels of iron, add 5 mL of sodium 
bisulfate mix (dissolve 5.2 g of NaHSO3 in 100 mL of 1.0 N H2SO4) and place in 
a 95oC water bath for 30 minutes (20 minutes after the temperature of the sample 
reaches 95oC). 
• Cool, transfer and dilute to 50.0 mL in a volumetric flask. 
• The sample is now prepared for the determination by this method. 
2. Sulfuric Acid Digestion 
• Add 1.0 mL of 5.6 M H2SO4 (310 mL conc. H2SO4/L) to 50.00 mL sample in a 
125 mL Erlenmeyer flask. 
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• Boil gently 30-40 minutes or until volume is about 10 ml. Alternatively, autoclave 
for 30 minutes at 15-20 psi (121oC). 
• For samples containing arsenic or high levels of iron, add 5 mL of sodium 
bisulfate mix (dissolve 5.2 g of NaHSO3 in 100 mL of 1.0 N H2SO4) and place in 
a 95oC water bath for 30 minutes (20 minutes after the temperature of the sample 
reaches 95oC). 
• Cool, transfer and dilute to 50.0 mL in a volumetric flask. 
• The sample is now prepared for the determination by this method. 
 
Calibration Procedure: 
1. Prepare reagent and standards. 
2. Pump DI water through all reagent lines and check for leaks and smooth flow. Switch to 
reagents and allow the system to equilibrate until a stable baseline is achieved. 
3. Place samples and/or standards in the autosampler. Input the information required by the 
data system, such as concentration, replicates and QC scheme. 
4. Calibrate the instrument by injecting the standards. The data system will then associate 
the concentrations with the instrument responses for each standard. 
Data Analysis and Calculations: 
1. Calibration is done by injecting standards. The data system will then prepare a calibration 
curve by plotting response versus standard concentration. Sample concentration is 
calculated from regression equation. 
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2. Report only those values that fall between the lowest and the highest calibration 
standards. Samples exceeding the highest standard should be diluted and reanalyzed. 
3. Report results in µg P/L. 
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APPENDIX C: FLOW CALCULATION FOR COLUMN STUDY 
 76
Calculation of Flow rate to achieve 24 hrs hydraulic retention time 
 
Inner Diameter of the Column = 11.5 inch = 0.96 ft 
Height of the column (containing media) = 4.5 ft 
Therefore, Volume of empty Column = 3.25 ft3 
Porosity = 0.25 
So, Volume of water that can be filled in each Column = 6.07 gallons 
And Volume of water in the Columns each day = 6 gallons/day 
So the Hydraulic retention time = 6.07/6 = 1.01 days ≈ 24 hrs. 
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APPENDIX D: SEPTIC TANK AND DRAINFIELD CALCULATIONS 
 78
 
Size of Septic Tank 
        
Volume 1350 1200 1350 1500 gallons 
  
Actual Drainfield Size 
            
Flow rate 480 400 500 600 gpd 
        
For "Fine sand" bed Maximum 
Sewage Loading rate to bed 
adsorption surface 
0.7 0.7 0.7 0.7 gal/sq ft/day 
        
Drainfield size 686 571 714 857 sq ft 
        
Length 30 30 30 30 ft 
        
Nos of MPS 11 10 9 11 13   
        
Width 24 21 26 31 ft 
        
Actual Drainfield size 720 630 780 930 sq ft 
        
Depth 2 2 2 2 ft 
        
Unobstructed area 1440 1260 1560 1860 sq ft 
        
Volume 1440 1260 1560 1860 ft3
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Black and GoldTM Treatment Zone 
        
Length 10 10 10 10 ft 
        
Width 24 21 26 31 ft 
        
Height 1 1 1 1 ft 
        
Volume 256.5 234.75 284.75 334.75 ft3
  
Seepage Zone 
        
Volume 1147.5 993.75 1236.25 1478.75 ft3
  
Hydraulic Retention Time, t 
        
HRT 1.00 1.10 1.07 1.04 days 
  
Mass of Media Calculation in Black and GoldTM Treatment Zone 
        
Total mass of media 15911 14562 17663 20765 lbs 
        
Mass of Tire crumb 1726 1580 1916 2253 lbs 
        
Mass of Sawdust 636 582 707 831 lbs 
        
Mass of Sand 13548 12399 15040 17681 Lbs 
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Mass of Media Calculation in Seepage Zone 
        
Mass of Sand 89253 77294 96156 115017 Lbs 
  
Total Cost of Media in the Black and GoldTM Treatment Zone 
        
Cost of Tire crumb 345 316 383 451 $ 
        
Cost of Sawdust 25 23 28 33 $ 
        
Cost of Sand 271 248 301 354 $ 
        
Total Cost of media 642 587 712 837 $ 
  
Total Cost of Media in the Seepage Zone 
        
Cost of Sand 1,339 1,159 1,442 1,725 $ 
            
  
Total Cost of Media in the Drainfield 
        
Cost of Media 1,980 1,747 2,155 2,563 $ 
        
Cost of Media / CY 37.17 37.47 37.33 37.24 $ 
  
Mass of Media (Sand alone) 
        
Mass of Sand 112003 98003 121337 144671 Lbs 
  
Total Cost of Media in the Drainfield (Sand alone) 
        
Cost of Media 1,680 1,470 1,820 2,170 $ 
        
Cost of Media / CY 31.53 31.53 31.53 31.53 $ 
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Sample Calculation for the drainfield sizing for a flow of 480 gpd 
From the flowrate (480 gpd), the size of Septic tank is obtained from Table 3. 
For "Fine sand" bed Maximum Sewage Loading rate to bed adsorption surface = 0.7 gal/sf/day. 
Drainfield Area = 480/0.7 = 686 sq ft. 
Taking length of drainfield = 30 ft 
Width = Area / Length = 686 / 30 = 23 ft. 
Each MPS – 11 = 28 inch. 
To adjust 10 MPS – 11, 23 ft of width is modified to 24 ft. 
And depth of the drainfield can not be more than 2 ft, Depth = 2 ft. 
New drainfield area = 24 * 30 = 720 sq ft. 
And unobstructed area (safety factor of 2) = 2 * 720 = 1440 sq ft. 
Volume of drainfield = 24 * 30 * 2 = 1440 ft3. 
For Black and GoldTM Treatment Zone; 
Length = 10 ft. 
Width = 24 ft (same as drainfield). 
Height = 1 ft. 
Volume of Black and GoldTM Treatment Zone = 240 ft3 + ½ (1) (1) (24) 
              (for Pre-fabricated riser). 
   = 256.5 ft3. 
For Seepage Zone; 
Volume = Total drainfield volume – Black and GoldTM Treatment Zone – Remaining Pre 
fabricated riser 
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             = 1440 – 256.5 – 36 
             = 1147.5 ft3. 
Hydraulic Retention time = Volume of Black and GoldTM Treatment Zone/Flowrate*porosity 
                                           = 1.0 days ≈ 24 hrs. 
Mass and Cost of media in Black and GoldTM Treatment Zone; 
Mass = Total Volume * Density (of 62.05 lbs/ft3) 
         = 256.5 * 62.05 = 15911 lbs 
Tire crumb = 10.85% of total mass = 1726 lbs 
Sawdust = 4% of total mass = 636 lbs 
Sand = 85.15% of total mass = 13548 lbs 
Cost of tire crumb = 0.20 $/lb * 1726 lbs = $ 345 
Cost of sawdust = 0.04 $/lb * 636 lbs = $ 25 
Cost of sand = 0.015 $/lb * 13548 lbs = $ 271  
Total Cost of media in the Black and GoldTM Treatment Zone = $ 642 
Mass and Cost of media in Seepage Zone; 
Mass of Sand = Total Volume * Density (of 62.05 lbs/ft3) 
         = 1147.5 * 77.78 = 89253 lbs 
Cost of sand = 0.015 $/lb * 89253 lbs = $ 1,339  
Total Cost of media in the Drainfield = $ 1,980 
Cost of media/CY = 1980/1440/0.037 = $ 37.17/CY. 
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Mass and Cost of Drainfield (Sand alone); 
Mass = 1440 ft3 * 77.78 lbs/cf3 = 112003 lbs 
Cost of Sand = 112003 lbs * 0.015 $/lb = $ 1,680 
Cost of media/CY = 1680/1440/0.037 = $ 31.53/CY. 
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APPENDIX E: CHEMICAL AND PHYSICAL PROPERTIES OF 
DRAINFIELD SAND (FINE SAND) 
 85
 
Analysis Units Result 
Particle size distribution     
(≤ 0.05 mm) mass % 0.5 
     
Density Measurements    
Bulk density (dry weight basis) g/cm3 1.71 
Bulk density (dry weight basis) lb/ft3 106.67 
Bulk density (at max. water-holding capacity g/cm3 2.05 
Bulk density (at max. water-holding capacity lb/ft3 128.15 
     
Water/Air Measurements    
Total Pore Volume Vol. % 35.4 
Maximum water-holding capacity Vol. % 32.1 
Air filled porosity (at max. water-holding capacity Vol. % 3.3 
Water permeability (saturated hydraulic conductivity) cm/s 0.024 
Water permeability (saturated hydraulic conductivity) in/hr 34.8 
     
Nutrients    
Phosphorus P2O5 (CAL) mg/L 78.4 
Potassium K2O (CAL) mg/L 28.9 
Magnesium, Mg (CaCl2) mg/L 10.2 
Nitrate + Ammonium (CaCl2) mg/L 17.1 
     
Calcium Carbonate Equivalence (CCE)    
Solids % 99.86 
CCE (dry weight basis) % 2.74 
CCE (as received basis) % 2.74 
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Analysis Units Result 
Soil - Mechlich 3 Analysis (dry weight basis)    
Phosphorus (as P) mg/kg 32.17 
Phosphorus (as P2O5) mg/kg 73.68 
Potassium (as K) mg/kg 9.72 
Potassium (as K2O) mg/kg 11.67 
Calcium (Ca) mg/kg 1668.31 
Magnesium (Mg) mg/kg 20.94 
     
Saturated Media Extract Analysis    
pH  8.41 
Soluble salts mhos/cm 0.59 
Nitrate (NO3 - N) mg/L 1.87 
Phosphorus (P) mg/L 0.42 
Potassium (K) mg/L 4.13 
Calcium (Ca) mg/L 250.56 
Magnesium (Mg) mg/L 5.01 
Boron (B) mg/L 0.03 
Copper (Cu) mg/L 0.36 
Iron (Fe) mg/L 2.48 
Manganese (Mn) mg/L 0.19 
Sodium (Na) mg/L 2.52 
Zinc (Zn) mg/L 0.71 
Ammonia - N (NH4 - N) mg/L 0.59 
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